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Abstract— In recent years Thermal Engineering has developed in many aspects. Due to the development in thermal engineering there is a 

case for measuring thermal conductivity of the fluids .Thermal conductivity of fluids is measured by Steady state methods as well as Transient method. 
The Transient Hot Wire has been widely accepted as the most accurate technique over a wide range of fluids. Although the principle of the method is 
apparent simple, its experimental implementation requires suitable temperature sensing, automatic control, data acquisition, and data analysis systems. 
Because of the relatively short experimental times and large amounts of parametric data involved in the measurement process, computer control of the 
measurement is essential. A predetermined current is applied to the hot wire to produce a temperature difference across the fluids. By measuring the 
temperature differential the thermal conductance of the fluids may be determined. 

 
Index Terms— Thermal conductivity, Transient method, Hot wire method, Nichrome hot wire. 

——————————      —————————— 

1 INTRODUCTION                                                                     

N  recent days the thermal conductivity of fluids are meas-
ured by Transient hot wire method. Many researchers are 

establishing new ideas, which are focusing on increasing the 
performance of the apparatus. In this paper, we focus on both 
the performance and as well as the cost reduction of the appa-
ratus. The selection of material for preparing the apparatus is 
important to attain higher performance of the apparatus at 
low cost. Among various methods for measuring the thermal 
conductivity of fluid, Transient hot wire method is used be-
cause of high accuracy in reading. Over the past few years 
there has been a tremendous increase in cost of the apparatus 
for measuring the thermal conductivity of fluids. In this study 
it is believed that the cost of the apparatus will be low than the 
current apparatus. 
      Absolute, Steady-state methods of measuring thermal con-
ductivity has become well established and accuracies better 
than 10 percent has been attained (Ratcliffe, Brit. J. Appl. Phys. 
10, 22 (1959); Devyamkovaet a1, Soviet Physics — Solic State, 
Vol. 2, p. 68) [2]. 
      Although the attainable accuracy of existing techniques, as 
attested by the general agreement of the fused quartz data, is 
sufficient for many material characterization requirements, 
there is something left to be desired. It would be advantageous 
if the thermal conductivity measurement could be made with 

the ease and speed of electrical conductivity determinations 
.Powell has reported, in J. Sci. Instr. 34, 485 (1957) [3], a compa-
rator method which is simple and fast and he obtained 6% 
measurements on alloys of aluminum, magnesium and iron. 
His app-roach has possible limitations with regard to surface 
properties and the hardness of samples. Nevertheless, it sug-
gests that simple techniques can out beat the more time-
consuming standard methods. 
       Many investigations has reported different techniques for 
the estimation of thermal conductivity of fluids. These investi-
gations have also presented a good deal of controversies. 
These studies shows that thermal conductivity of fluids de-
pend on a large number of parameters like the shape, size of 
particle, volume of concentration, surfactants and base fluid 
etc. The increase in temperature also increase the thermal con-
ductivity of fluids. But the real mechanism behind the increase 
has not yet been pointed [4]. In present scenario one needs to 
conduct careful experiments to measure the thermal conduc-
tivity with various process parameters. Such experiments will 
help in establishing the effect of different variables on thermal 
conductivity. They will also be useful in validation of different 
models proposed for the enhancement of thermal conductivity 
of Nano particles. 
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2 MATERIALS AND METHODS  
2.1 Transient Hot-Wire Method 

In this study, a Transient hot-wire method has been adopted 
because recent advances in Electronic techniques have helped 
to establish this method as one of the most accurate ways to 
determine fluid thermal conductivity. The advantage of this 
method lies in its complete elimination of the effects of un-
wanted presence in which natural convection gives problems 
for measurements made with a steady state apparatus. In ad-
dition, the method is very fast relative to steady-state tech-
niques. 
      The major expositions of both theory and application of the 
Transient hot-wire method were made by Kestin and Wake-
ham (1978), Roder (1981), and Johns et al. (1988) [5] . A hot-
wire system involves a wire suspended symmetrically in a 
liquid in a vertical cylindrical container. The wire serves both 
as heating element and as thermometer. Almost without ex-
ception, platinum is the most preferred wire. 
      The mathematical model is to the attempt to calculate ap-
proximation of an infinite-line source of heat suspended verti-
cally in an infinite medium. The method is called Transient 
because the power is applied abruptly and briefly. The work-
ing equation is based on a specific solution of Fourier's law 
and can be found in standard text (Carslaw and Jaeger, 1959) 
[6] 
 

      
 
      where T(t) is the temperature of the wire in the fluid at 
time t, Tref  is the temperature of the cell, q is the applied elec-
tric power, k is the thermal conductivity, K is the thermal dif-
fusivity of the fluid, a is the radius of the wire, and ln C = g, 
where g is Euler's constant. 
      The relationship given by Eq. (1) implies a straight line for 

a plot of ∆ T versus ln (t). In practice, systematic deviations 
occur at both short and long times. However, for each experi-
mental measurement, there is a range of times over which Eq. 

(1) is valid, that is, the relation-ship between ∆ T and ln(t) is 

linear. The slope of the ∆ T versus ln(t)  relationship is ob-
tained over the valid range, i.e., between times t1 and t2, and 
using the applied power, we calculated thermal conductivity 
from equation (2) 
 

            
 
       where T2-T1  is the temperature rise of the wire between 

times t1 and t2. From the temperature coefficient of the wire's 
resistance, the temperature rise of the wire can be determined 
by the change in its electrical resistance as the experiment 
progresses. 
      Despite the advantages of the Transient hot-wire method, it 
is impossible to measure the thermal conductivity of electrical-
ly conducting fluids because current flows through the liq-
uids, the heat generation of the wire becomes ambiguous, and 
polarization occurs on the wire's surface. This method is thus 
normally restricted to electrically non conducting fluids such 
as noble gases and organic liquids. 
      Only a few attempts have been made to expand the Tran-
sient hot-wire method to measure electrically conducting liq-
uids. Nagasaka and Nagashima (1981) [7] used a platinum 
wire (diameter Ø40µm) coated with a thin electrical insulation 
layer (thickness = 7.5µm) to measure the thermal conductivity 
of an NaCl solution[11], and they analyzed the effects on the 
thermal conductivity measurement due to this thin insulation 
layer. Because fluids are likely to be electrically conducting 
(metallic nanoparticles and the suspending fluid such as water 
are electrically conducting materials), the ordinary Transient 
hot-wire technique cannot be used. Therefore,  
By replacing the platinum wire from the Nagasaka and Naga-
shima's[7] method an nichrome wire of  diameter Ø0.38mm 
have been adopted in this experiment. 

2.2 Experiment Process 
A Transient hot-wire cell was designed and constructed specif-
ically for  the measurement of the thermal conductivities of 
fluids. The experimental apparatus and the electrical circuit 
used in this study are shown schematically in Fig. 1. In the 
Wheatstone bridge, Rw is the resistance of the hot wire, R1 is a 
10 kΩ  potentiometer, R2 is a 1 kΩ resistor, R3 is a 0.5 Ω resis-
tor. Adjusting the resistance of the potentiometer R, allows the 
offset voltage from the Wheatstone bridge to be cancelled out 
and thus the high-voltage gain of the analog-to-digital (A/D) 
converter can be used[8-10]. Nichrome is used for the hot wire 
because of its resistance/temperature relationship is well 
known over a wide temperature range. A Ø0.38mm diameter 
nichrome wire was used because the other diameter nichrome 
wires are too fragile . 
      Switching the power supply from R1 to the Wheatstone 
bridge initiates the voltage change in the hot wire, due to the 
voltage change in the hot wire, heat may occur and this heat 
will make a change in the temperature rise of the sample fluid 
. The time taken for the temperature rise has been noted and 
the values has been compared with the predefined standard 
values. 
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2.3 Circuit Diagram 
The circuit diagram for apparatus for measuring Thermal 
conductivity is given below 

 
Figure 1. Measuring the Thermal Conductivity by Transient 

hot-wire apparatus 

3 RESULT AND DISCUSSION 
3.1 Thermal conductivity for Water 
The figure 2 shows the thermal conductivity of water at calcu-
lated thermal conductivity value to the standard thermal con-

ductivity value at different temperatures. The maximum devi-
ation from the calculated thermal conductivity of water to the 
standard thermal conductivity of water is about an 12% devia-
tion. The graph for the deviations is given below 
 
   Figure 2. Thermal Conductivity vs Temperature for water 
 
 
3.2 Thermal conductivity for Grade 68 oil  
The figure 3 shows the thermal conductivity of water at calcu-

lated thermal conductivity value to the standard thermal con-
ductivity value at different temperatures. The maximum devi-
ation from the calculated thermal conductivity of water to the 
standard thermal conductivity of water is about an 12% devia-
tion. The graph for the deviations is given below 
 
   Figure 3. Thermal Conductivity vs Temperature for Grade 

68 Oil 

4 CONCLUSION 
To experimentally investigate the thermal conductivity beha-
vior of the fluid we measure the thermal conductivity of two 
fluids such as water and grade 68 oil by a Transient hot-wire 
method. 
      Comparison between the calculated and the standard 
thermal conductivity was done However the apparatus has a 
max deviation of 12% which have been accepted by  ASTM 
E1461-07 standard. 

REFERENCES 
[1] JOURNAL OF HEAT TRANSFER. Manuscript received by the Heat 

Transfer Division, July 7, 1998;revision received, Jan. 25, 1999. Asso-
ciate Technical Editor: A. Majumdar. 

[2] Ratcliffe, Brit. J. Appl. Phys. 10, 22 (1959); Devyamkovaet a1, Soviet 
Physics — Solic State, Vol. 2, p. 68 

[3] Powell , in J. Sci. Instr. 34, 485 (1957), Vol 34 

[4] G.paul, M.chopkar, I.Manna, P.K.Das, Techniques for measuring the 
thermal conductivity of Nanoflids: A Review, Renewable and Sus-
tainable Energy Reviews, ELSEVIER, vol 14, pp. 1913-1924 (2010).K. 
Elissa, “An Overview of Decision Theory," unpublished. (Unplub-
lished manuscript) 

[5] Kestin, J., and Wakeham, W. A., 1978, "A Contribution to the Theory 
of the Transient Hot-wire Technique for Thermal Conductivity Mea-
surement," Physica,Vol. 92A, pp. 102-116. 

[6] Carslaw, H. S., and Jaeger, i. C, 1959, Conduction of Heat in Solids, 2nd 
Ed.,Oxford University Press, New York, p. 510 

[7] Nagasaka, Y., and Nagashima, A., 1981, "Absolute Measurement of 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 4, April-2017                                                                                        323 
ISSN 2229-5518 

IJSER © 2017 
http://www.ijser.org 

the Thermal Conductivity of Electrically Conducting Liquids by the 
Transient Hot-wire Method,"J. Phys. E: Sci. Instrum., Vol. 14, pp. 1435-
1440. 

[8] Roder, H. M., 1981, "A Transient Hot Wire Thermal Conductivity 
Apparatus for Fluids," Journal of Research of the National Bureau of 
Standards, Vol. 86, No, 5, pp. 457-493. 

[9] [9] Bentley, J. P., 1984, "Temperature Sensor Characteristics and Mea-
surement System Design," J. Phys. E: Set Instrum., Vol. 17, pp. 430-439. 

[10] [10] Granqvist, C. G., and Buhrman, R. A., 1976, "Ultrarine Metal 
Particles," J. Appl. Phys., Vol. 47, p. 2200. 

[11] S. Lee., S. U.-S. Choi., S. Li., J. A. Eastman,” Journal of Heat Trans-
fer”., may      1999, vol. 121 / 289 

IJSER

http://www.ijser.org/

	1 Introduction
	2 Materials and Methods
	2.1 Transient Hot-Wire Method
	2.2 Experiment Process
	2.3 Circuit Diagram

	3 Result and Discussion
	3.1 Thermal conductivity for Water
	3.2 Thermal conductivity for Grade 68 oil

	Conclusion
	References



